6-10
level, which had been established by feeding high levels of protein
during AFBj administration.
Tumor Transplantation Studies
Low protein diets have also been associated with the general
inhibition of the growth of transplanted tumors.  Haley and Williamson
(1960) implanted HAD-1 tumors into rats fed a diet with no protein and
rats fed a 20% casein control diet.  They observed that the resultant
tumors were smaller in the no protein diet group.  Earlier, Babson
(1954) had found that increasing dietary casein from 0 to 18% increased
tumor growth rates in rats implanted either with the Sarcoma R-l tumor
or the Flexner-Jobling carcinosarcoma.  According to Devik et al.
(1950), there was a prolonged inflammatory reaction to the implantation
of the Walker carcinosarcoma 256 and incomplete connective tissue
encapsulation in animals fed 5% casein diets, compared to animals fed
20% casein diets.
White and Belkin (1945) studied the effect of low protein diets on
the "take" of implanted mammary carcinoma 15091a. Although the number
of takes was higher (16/31) in the protein-deficient group than in the
adequate dietary protein group (10/31), the growth rate at 3 weeks was
only 74% of the rate for the higher protein diet. These tumor implan-
tation studies were later summarized by White (1961).
The mechanism for the inhibition of tumor growth by low protein
diets is not known.  Jose and Good (1973) have proposed that the cellu-
lar immune response may be involved.  This response is enhanced through
a deficiency of blocking serum antibody production at low levels of
protein intake.
An Evaluation of the Data from Animal Studies
The relationship of dietary protein to the carcinogenic process
does not appear to be straightforward. Levels of protein ranging from
those somewhat below the minimum required for optimum growth (approxi-
mately 5% of the diet) up to those generally consumed by mammals (15%
to 20%) have been studied most extensively.  In many studies in animals,
diets with low protein (near or below the requirement for optimum
growth) have generally been shown to suppress the carcinogenic process
and the subsequent growth and development of tumors.  The only apparent
exception to this effect is the increase in DMBA-induced tumor yield in
animals fed low protein diets.  Although there is generally a tumor-
enhancing effect from 20% to 25% dietary protein, higher levels appear
either to produce no further enhancement or, in fact, to inhibit tumor-
igenesis (Appleton and Campbell, 1981; Engel and Copeland, 1952b; Ross
and Bras, 1973; Ross et al., 1970; Saxton et^ al., 1948; Tannenbaum and
Silverstone, 1949; Topping and Visek, 1976; Wells e£ al., 1976). It is
not clear whether the general inhibition or the absence of effect on

